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Summary 


Dithio  acids  should  be  more  effective  aqents  for  hydrogen  atom  transfer 
to  effect  repair  of  radiation-damaged  DNA  or  other  cellular  substance  than 
thiols  since  the  pH  for  maximum  rate  of  transfer  for  dithio  acids  (pH  4-6) 
is  closer  to  cellular  pH  than  the  pH  for  maximum  rate  of  H  transfer  from 

thiols  (pH  10-11) .  Attempts  to  prepare  dithio  acids  containing  amino  sub- 

'vL.  - 

stituents  included  first  the  condensation  of  carbon  disulfide  with  the  active 
methyl  of  N-methylquinaldines.  The  resulting  dithioacetic  acid  zwitterions 
were  converted  to  the  bis(methylthio)  derivatives  and  methylthio  amino  deriv¬ 
atives  to  provide  compounds  with  better  solubility  properties.  Other  at¬ 
tempts  to  prepare  aliphatic  dithio  acids  with  amino  substituents,  to  provide 
an  analogy  to  the  amino  thiols,  were  not  successful.  These  included  the 
reaction  of  an  inino  thio  ester  with  H2S,  the  reaction  of  an  aldehyde  with 
morpholine  and  sulfur,  and  the  reaction  of  a  protected  thiol  ester  with 
Lawesson's  reagent.  The  inclusion  of  an  amino  or  protected  amino  function 
in  the  target  molecules  prevented  these  procedures  from  being  utilizable;  no 
indication  existed  in  the  literature  that  amino-containinq  dithio  acids  or 
esters  have  been  prepared  by  these  methods. 
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Qui no! ini um-2-di thi oaceti c  Acid  Derivatives 


Zwitterionic  compound  I  has  been  synthesized  previously  (1),  but  has 
not  been  tested  for  radiation-protection  activity.  The  compound  has  been 
re-prepared  for  this  report  in  the  same  yield  as  earlier  reported,  though 
the  higher  melting  point  of  the  new  material  (196-197°  vs  191-192°)  may 
indicate  a  somewhat  higher  degree  of  purity.  In  the  preparation  of  I,  an 
apparent  second  crop  of  product  can  be  obtained.  Various  attempts  at  puri¬ 
fying  this  material  have  met  with  failure.  For  example,  washing  v/ith  acetone, 
ether,  or  water  improved  the  physical  appearance  of  the  material,  but  had 
little  effect  on  melting  point  or  TLC.  Boiling  with  water,  with  subsequent 
drying  in  vacuo,  gave  a  substance  with  a  sharp  melting  point  near  that  of 
the  pure  zwitterion,  but  TLC  again  indicated  a  complex  mixture.  Several 
derivatives  of  the  quinolinium-2-dithioacetic  acid  zwitterion  were  also  pre¬ 
pared  which  would  not  be  capable  of  transferring  H  atoms  to  radiation- 
produced  radicals,  but  which  are  subject  to  hydrolysis  to  the  dithio  acid 
in  vivo.  These  compounds  include  the  bis(S-methyl }  derivative  (II),  the 
S-methyl-N-piperidyl  derivative  (  IV  ),  and  the  S-methyl-N-morphol inyl  deriv¬ 
ative  (III)  of  the  6-methyl  quinoline.  These  compounds  have  been  prepared 
previously  (la, lb).  Compounds  I  -  IV  were  submitted  for  screening  (Table  I). 
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Table  I.  Compounds  Submitted  for  Screening 
Code  No.  0942 


Compound 

Structure 

Wt.g. 

Reference 

1 ,6-Dimethylquinolinium-2- 

dithioacetic  acid  zwitterion 

I 

2.2 

Foye  et.al.,  J.  Pharm.  Sci 
67,  962  (1978) 

1 -Methyl -2-bis (2-methyl thio)- 
vinylquinolinium  iodide 

II 

3.1 

Foye  and  Kauffman,  ibid., 
68,  336  (1979). 

1, 6-Dimethyl -2-[.2-methylthio-2- 
( 1 -morphol i no) vi nyfj  qui nol i ni urn 
iodide 

III 

3.0 

Foye  and  Kauffman,  ibid., 
69,  477  (1980) 

1  -Methyl  -2-Q-methyl  thio-2- 
(l-piperidino)vinyf]quinolinium 
iodide 

IV 

2.3 

This  report 
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Dithiocarboxylic  Acid  Esters 

A  number  of  methods  are  available  for  the  preparation  of  dithiocarboxylic 
acids  and  their  esters.  Some  of  these  are  listed  in  Table  I.  Three 

methods  were  chosen  for  initial  investigation  in  this  project  because  they  seem 
to  be  the  least  sensitive  to  the  presence  of  an  amino,  or  protected  amino,  group 
in  the  molecule. 

Table  II.  Methods  of  Preparation  of  Dithioacids  and  -esters 
Number  Reaction  Reference 


CH3S  S  5 

p4s10+ch3oh  — )  XX 


S'  S  SCH- 


r~co2h 


>  r-cs2ch3 


HC1  NH-HC1  HoS 
R-CN+R'-SH  - >  R-C-SR* 


r-cs2r' 


3, 4, 5, 6, 7 


R-CHO+HN  0+S8  - >  R-C-N  XQ 


5,8,9 


ch3i  r 

'  >  R-C=N.  0 


HoS 


NaSH 


R-C-SCH3  >  R-CS2H 


.“V  v"«.  r*  -v  . 


„  >  iV'A  ^  .V 
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Method  1  appeared  especially  promising  since  it  offered  a  direct  con¬ 
version  of  a  carboxylic  acid  to  a  dithioester.  Unfortunately,  the  requisite 
dithiadiphosphetane  reagent  (V)  could  not  be  prepared  by  the  procedure  re¬ 
ported  (2).  It  is  conceivable  that  the  diethyl  analog  of  the  reagent  is 
easier  to  prepare.  If  so,  it  could  be  used  to  form  ethyl  dithioesters. 

The  preparation  of  an  ^-protected  amino  dithioester  (VII)  from  the  cor¬ 
responding  nitrile  (VI),  an  example  of  Method  2,  has  been  reported  (6).  Al¬ 
though  the  intermediate  iminothioester  VII  is  formed  in  quantitative  yield, 
it  is  unstable.  Moreover,  the  yield  of  the  dithioester  (VIII)  was  only  22%. 
The  ^-phenyl  analog  of  VII  has  been  prepared  (W.O.  Foye  and  J.M.  Kauffman, 
unpublished  results),  and  has  recently  been  purified.  It  appears  to  be 
quite  stable. 


/~"\ch,<w!-NH- 


EtSH 

CHoCN  - ■> 

HC1 


VI 


CBZ-NH-CH2-CS2Et 

VIII 


NH-HC1 

CBZ-NH-CH2-C-S-Et 


VII 


Investigation  of  Method  1  has  been  abandoned,  at  least  for  the  time  being, 
because  of  the  difficulty  experienced  in  obtaining  the  dithiadiphosphetane 
reagent  (V).  If  work  resumes  in  this  area,  it  will  probably  entail  the  pre¬ 
paration  and  use  of  the  diethyl  or  diphenyl  analog  of  II. 

The  recently  purified  imino  phenyl thioester  of  Method  2  will  be  treated 
with  HgS  using  literature  procedures  (3-7)  in  an  attempt  to  prepare  the  cor¬ 
responding  phenyl  dithioester. 


>ji»r. ■,».' T.'~.'rv  yj yjT i*%j>.K,m.wrtTKrvyr, 
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An  investigation  was  then  made  of  the  reaction  of  benzyl  N-(2-phenylthio- 
2-imino)-ethy1  carbamate  hydrochloride  (IX)  with  H2S.  The  reaction  of  an 
iminothioester  with  H^S  to  afford  the  corresponding  dithioester  has  been  re¬ 
ported  to  take  place  in  pyridine  (4,5,7),  acetonitrile  (10),  and  ether  (3). 

In  the  case  of  IX, 


\ 


ch^-o-F-nh-ch^-c-s^A 


*  HCl 


IX 

however,  no  reaction  took  place,  the  starting  material  being  the  only  isolatable 
product.  It  was  thought  that  the  addition  of  NaSH  might  facilitate  the  con¬ 
version,  but  again,  used  either  alone  or  in  combination  with  H^S,  no  reaction 
occurred. 

Dithioesters  have  been  prepared  from  aldehydes  through  their  treatment 
with  morpholine  and  elemental  sulfur,  followed  by  reaction  with  CH^I  and 
H2S  (5,8,9)  (eqn.  3).  The  preparation  of  the  desired  a-aminodithioesters  by 
this  method  would  require  ami  noacetaldehyde  as  starting  material.  Since  this 
compound,  and  its  N-methyl  derivative,  are  available  only  as  acetals,  a  small 
amount  of  p-toluene-sulfonic  acid  was  added  to  the  initial  reaction  mixture 
to  produce  the  parent  aldehyde.  The  crystalline  product,  however,  was  char¬ 
acterized  not  as  the  expected  thiomorphol ide,  but  as  elemental  sulfur.  The 
same  reaction  proceeded  well  with  cyclohexane  carboxaldehyde,  suggesting  the 
starting  material  must  already  be  in  the  aldehyde  form. 

If  this  is  so,  the  nitrogen  atom  of  the  amino  aldehyde  must  be  masked 
to  prevent  polymerization.  For  this  purpose  the  phthaloyl  group  was  chosen, 
with  phthaloyl acetaldehyde  (X)  as  the  specific  intermediate 

...  £ 

N-CH2CH0 

% 

0 


X 
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target.  This  compound  has  been  prepared  by  Foye  et.al.  (11)  via  Rosenmund  re¬ 
duction  of  phthaloylglycine,  but  it  was  decided  to  explore  other  methods  for 
its  synthesis,  since  not  all  of  the  materials  necessary  for  Foye's  procedure 
were  on  hand  at  the  time.  The  first  attempt  involved  heating  to  160°  a  mix¬ 
ture  of  phthalic  anhydride  and  ami  noacetaldehyde  di ethyl  acetal ,  the  product 
to  be  hydrolyzed  to  X.  Although  the  condensation  may  have  taken  place,  a  low 
yield  was  obtained,  and  the  crude  reaction  product  appeared  to  also  contain 
the  intermediate  phthalic  monoamide  and  unidentified  decomposition  products. 
The  reaction  was  repeated  at  a  lower  temperature  (steam  bath),  with  approx¬ 
imately  the  same  results. 

A  method  for  the  selective  reduction  of  carboxylic  acids  to  aldehydes, 
using  dimethyl  chi oromethyleniminium  chloride,  under  mild  conditions  has  re¬ 
cently  been  published  (12).  Application  of  this  procedure  to  phthaloyl¬ 
glycine  gave  a  product  whose  spectral  properties  are  not  those  of  starting 
material  nor  of  those  expected  for  the  product  aldehyde,  or  even  the  related 
alcohol.  In  addition,  the  melting  point  of  the  product  is  some  20°  below 
that  reported  (11)  for  phthalimidoacetaldehyde.  Other  routes  to  X  involve 
the  condensation  of  potassium  phthalimide  with  chloroacetaldehyde  diethyl  acetal 
and  the  reaction  of  ami  noacetaldehyde  diethylacetal  with  N-carboethoxyph- 
thalimide  (13). 

Another  approach  taken  toward  the  preparation  of  ami nodi thioesters 
and  acids  has  involved  the  conversion  of  a  carbonyl  group  to  a  thiocarbonyl 
moiety.  Thus,  phthaloylthioglycine  S-ethyl  ester  (XI)  was  prepared  in  81% 
yield  (eqn.  4). 

S  CrVcH2isEt 


(eqn.  4) 
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Treatment  of  this  material  with  phosphorus  pentasulfide  and  NaHC03  (14) 
gave  a  product  devoid  of  the  aromatic  group  according  to  its  NMR  spectrum. 
This  spectrum  is  alsc  inconsistent  with  the  structure  H2N-CH2-CS2Et  (6). 

Lawesson's  reagent,  XII  (15),  has  recently  become  used  for  carbonyl- 
to-thiocarbonyl  conversions.  Indeed,  treatment  of  XI  with  XII  (eqn.  5)  does 
seem  to  have 


XII 


XIV 


(eqn.  5) 


produced  the  desired  phthalimido  dithioester,  XIII,  though  the  NMR  spectrum 
is  not  in  exact  agreement.  In  addition,  the  chromatographic  properties  of 
XIII  and  by-product  XIV  are  very  similar,  making  separation  and  purification 


difficult. 
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Future  Work 

Plans  for  the  iimediate  future  include  a  cljser  look  at  the  use  of 
Lawesson's  reagent.  If  its  reaction  with  thiolester  XI  was  indeed  successful, 
and  if  the  dithioester  can  be  satisfactorily  purified  froir.  the  reaction  mix¬ 
ture,  it  would  prove  a  useful  tool  in  the  preparation  of  the  target  compounds 
of  this  project.  A  closely  related  procedure  will  also  be  examined.  Thus, 
an  ester  of  phthaloylglycine  would  be  converted  to  the  thionoester  (XV), 
which  may  be  more  easily 

0 

.  u  o 
'N_ch2-c-or 

6 


>I-Ch2-£-sr‘ .  . . - — • —  — 

XII  (eqn.  6) 
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reagent 


-) 
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isolated  than  thiolester  XI,  and  thence  converted  to  the  dithioester  (eqn  6). 

Some  of  the  reactions  described  in  this  report,  e.g.,  the  thiomorphol ide 
route  to  dithioesters,  will  be  explored  further,  examining  the  effects  of 
modified  conditions.  The  application  of  other  N-protecting  groups  may  also 
be  investigated.  N-Alkyl  bisbenzenesulfenimides  (XVI)  (16)  and  N,N-bis  (trim- 
ethylsilyl)  amines  (XVII)  (17)  are  possibilities  for  the  primary  amines, 
while  tosylamides  (XVIII)  and 

R-N(SPh)2  R-N(SiMe3)2  R-Sl-SO^  \-CH3 


XVI 


XVII 


XVIII 


tetrahydropyranyl  derivatives  (XIX)  could  be  used  for  secondary  amines.  The 
use  of  these  or  other  protective  groups  may  improve  reactivity  and  facilitate 
isolation  of  reaction  products. 
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Experimental 

l,6-Dimethylquinolinium-2-dithioacetic  acid  zwitterion  (I).  To  a  stirring 
solution  of  7.80g  (26.1  mmole)  of  1,6-dimethylquinaldinium  iodide  in  20ml 
of  water,  40ml  of  dioxane,  and  20ml  (330  mmole)  of  carbon  disulfide,  was 
added  60ml  of  30%  sodium  hydroxide  (450  mmole)  i r»  one  portion.  A  red 
precipitate  formed  a  few  ssconds  lacer,  and  more  water  (10ml)was  added. 

After  stirring  18  hr  at  room  temperature,  the  mixture  was  filtered,  and  the 
solid  product  was  washed  with  50ml  of  hot  water,  two  50-ml  portions  of 
carbon  disulfide,  and  another  50-ml  portion  of  hot  water.  Drying  in  vacuo 
afforded  3.81g  (59.0%)  of  a  brown  powder,  mp  196-197°  (lit.  (1)  60%  yield, 
mp  191-192°).  IR  (K8r) :  1310  cm'1  (C=S). 

Anal.-  Calcd-  for  CJ3HJ3NS2:  C,  03.15;  H,  4.7;  N,  5.5;  S,  25.9. 

Found:  C,  62.9;  H,  5.0;  N,  5.5;  S,  25.5. 

l-Methyl-2-bis(2-methylthio)vinylquinolinium  Iodide  (II).  A  mixture  of 
1-methyl quinol inium-2-dithioacetic  acid  zwitterion  (6.81g,  0.021  mole), 
iodomethane  (10ml),  and  dimethyl formamide  (40ml)  was  allowed  to  stand  at  room 
temperature,  with  occasional  shaking,  for  17  hr.  The  dark  yellow  solid  was 
filtered,  washed  with  ether,  recrystallized  from  water,  and  dried  at  25° 

(1.5  to rr),  giving  a  15.5%  yield  of  brown  crystals;  mp  198-201°  (dec).  NfIR 
(dimethyl sul foxide-d6) :  6  2.50(s,3H,  SCH3),  2.70  (s,  3H,  SCH3),  440  (s,3H, 

NCH3),  6.80  (s,  1H,  vinyl  H),  and  8. 3-9.0  (m,6H,  ring  H)  ppm. 

Anal.-  Calc,  for  Cj^HjglNSg:  C,  43.19;  H,  4.14;  N,  3.60. 

Found:  C,  43.31;  H,  4.19;  N,  3.56. 


A  flask  was  charged  with  7.26g  (0.018  mole)  of  2- (bis  (2-methyl  thio )  vinyl- 
1,6-dimethylquinolinium  iodide,  80ml  of  dimethyl formamide,  and  1.74g  (0.020 
mole)  of  morpholine  (redistilled  after  drying  with  a  3-A°  molecular  sieve). 

A  drying  tube  containing  lOg  of  indicating  Drierite  was  attached,  and  the 
reaction  was  stirred  at  35°  for  5.5  days.  The  reaction  was  followed  by  the 
progression  of  brown  coloration  on  the  Drierite  and  the  detection  of  the 
odor  of  methanethiol .  Toluene  (80ml)  was  added,  and  the  mixture  was  stored 
at  25°  for  4  hr. 

Following  filtration,  the  filtrate  was  diluted  with  350  ml  of  toluene 
and  kept  at  -20°  to  give  a  first  crop  of  6.78g  (85^  yield);  mp  198-199°(dec). 

A  second  crop  was  obtained  by  heating  the  filtrate  to  90°,  diluting  with  250 
ml  of  toluene,  and  cooling  to  -20°;  0.44g  (6%  yield)  was  obtained;  mp  197- 199* 
(dec).  NMR  (dimethylsul foxide-d6) :  6  2.51  (s,3H,SCH3),  2.57  (s,  3H,6-CH3), 

3.71  (s,br,8H,  morpholine),  4.09  (s,3H,NCH3),  5.59  (s,  1H,  vinyl),  and  7.65- 
8.20  (m,5H,  aromatic)  ppm. 

Anal.-  Calc,  for  Ci8H23IN20S:  C,  48.87;  H,  5.24;  N,  6.33. 

Found:  C,  48.77;  H,  5.04;  N,  5.93. 

1-Methyl -2-  [2-methyl thio-2- ( 1-pi  peri di no  )vi nyl ] quinol ini  urn  Iodide  (IV) .  To  a 
suspension  of  2-bis(2-methylthio)vinyl-l-methylquinolinium  iodide  (2.72g, 

0.007  mole)  in  25ml  of  dimethylsul foxide  was  added  freshly  distilled  piperidine 
(l.Og,  0.012  mole),  and  the  mixture  was  stirred  at  30°  for  5  days.  The  re¬ 
action  was  monitored  by  TLC  on  silica  gel  plates  (developed  with  chloroform- 
methanol  9:1).  It  was  diluted  with  anhydrous  ether  (200ml)  and  stored  at  0° 
for  2  hr.  The  crude  precipitate  was  dissolved  in  1-propanol  (300ml),  treated 
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with  charcoal,  and  filtered  hot.  This  procedure  was  repeated  thrice,  and  the 
combined  filtrates  were  evaporated  to  dryness  under  reduced  pressure.  The 
residue  was  recrystall ized  from  2-propanol  to  give  2.70g  (90%)  of  orange 
crystals;  mp  195- 196°,  NMR  (dimethyl sul foxide-d6):  6  1.75  (s,  6H,  piperidine), 
2.63  (s,3H,SCH3),  3.81  (s,4H,  piperidine),  4.10  (s,3H,NCH3),  5.55  (s, 1H, vinyl ), 
and  7. 6-8. 2  (m,6H, aromatic)  ppm. 

Anal.-  Calc,  for  C18H23IN2S:  C,  50.70;  H,  5.43;  N,  6.57. 

Found:  C,  50.93;  H,  5.23;  N,  6.38. 

Benzyl  N-(2-phenylthio-2-imino)ethyl  carbamate  hydrochloride.  Hydrogen  chloride 
was  slowly  passed  into  a  cooled  (4°)  mixture  of  9.5g  (50  nmole)  of  benzyl  cyano- 
methylcarbamate(6)and  6.0g  (55  mmole)  of  thiophenol  in  250  ml  of  ether  for  1  hr. 
The  mixture  was  then  stored  at  4°  overnight.  The  precipitate  was  filtered, 
washed  with  ether,  and  dried  over  sodium  hydroxide  and  sulfuric  acid  at  0.2  torr, 
to  afford  13. 9g  (82%)  of  a  grayish-tan  solid,  mp  130-190°d.  Some  of  this  ma¬ 
terial  (4.99g)  was  recrystall ized  from  25ml  of  boiling  95%  ethanol.  Washing 
the  product  with  20ml  of  ether  produced  2.40g  of  off-white  plates;  mp  135-137°. 

IP.  (KBr):  3380,  3320  (  =NH2),  1685  (C=0),  1645  (C=N)  cm"1. 


Phthaloyl thioglycine  S-ethyl  ester  (XI).  To  a  stirring  suspension  of 
l.OOg  (4.87  mmol)  of  phthaloylglycine  in  3  ml  of  benzene  was  added  2.25ml 
(30.8  mmol)  of  thionyl  chloride.  After  the  mixture  was  refluxed  overnight, 
most  of  the  thionyl  chloride  was  boiled  off,  and  the  rest  was  removed  by 
adding  4  ml  of  benzene,  removing  this  by  boiling,  and  repeating  this  three 
more  times.  Ethyl  mercapcan  (5  ml,  67.5  mmol)  was  added  to  the  residue,  and 
the  suspension  was  allowed  to  stir  overnight  at  room  temperature.  The  solvent 
was  removed,  and  the  residue  was  treated  with  benzene  as  above.  Recrystall- 
ization  of  the  crude  product  from  ether  produced  0.75g  of  white  plates,  mp 
122.5-123.5°.  A  second  crop  of  crystals  was  obtained  from  the  mother  liquor, 
affording  a  total  yield  cf  0.99g  (81%).  NMR  (CDCl^):  5  1.27  (t,  J  =  3.5 
Hz,  3H,  CH3),  2.95  (q,  J  =  3.5  ilz,  2H,  S-CH2),  4.60  (s,  2H,  N-CH?),  7.80  (m, 
AH,  aromatic  H).  IR  (KBr) :  1780,  1720  (imide  CO),  1680  (thioester  CO)  cm 

Reaction  of  XI  with  Lawesson's  Reagent.  A  mixture  of  0.20g  (0.81  mmol)' 
of  thiolester  XI  and  0.20g  (0.49  mmol)  of  Lawesson's  reagent  in  4  ml  of 
toluene  was  held  at  reflux  for  5  hr,  then  allowed  to  stir  overnight  at  room 
temperature.  Subsequent  addition  of  another  0.20g  portion  of  Lawesson's  re¬ 
agent,  followed  by  5  hr.  of  refluxing,  2  days  stirring  at  room  tempera -ure , 
and  evaporation  of  the  solvent  in  vacuo  gave  a  very  viscous,  b^own  oil.  The 
NMR  spectrum  of  this  material  indicated  the  presence  of  trioxatriphosphane 
XIV  and  perhaps  an  approximately  equimolar  amount  of  dithioester  XIII.  In 
addition,  TLC  showed  two  major  spots,  at  r^  0.62  and  0.53. 

Cyclohexane  thiomorpholide.  A  mixture  of  l.Olg  (8.97  mmol)  of  cyclo¬ 
hexane  carboxaldehyde,  1.18g  (13.5  mmol)  of  morpholine,  and  0.43g  (13.5  mmol) 
of  sulfur  was  heated  on  a  steam  bath  for  3  hr.  On  cooling  to  room  temper¬ 
ature,  the  product  was  taken  up  in  5  ml  of  chloroform,  filtered,  and  stripped 
of  solvent.  Recrystallization  from  95%  ethanol  gave  1.45g  (76%)  of  light 
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orange  plates,  mp  124.5-126".  NMR  (COCl)^:  o  0.87-2.23  (m,  1  OH ,  (C^)^), 
2.40-2.93  (m,  1H,  CH),  3.47-4.03  (m,  6H,  morpholine),  4.10-4.53  (m,  2H,  mor¬ 
pholine).  IR  (KBr) :  1470,  1280  (OS)  cm'1. 

Methyl  eye lohexanedithiocarboxy late.  A  solution  of  0.41g  (1.90  mmol) 
of  cyclohexanethiomorpholide  and  0.50ml  (8.03  mmol)  of  methyl  iodide  in  5  ml 
of  dry  acetone  was  heated  at  reflux  for  4.5  hr  Another  0.50  ml  of  Mel  was 
added,  and  the  mixture  was  stirred  at  room  temperature  overnight.  Dry 
pyridine  (2  ml)  was  added  to  the  resulting  suspension,  and  was  passed  in 
for  6  hr.  After  standing  overnight  at  room  temperature,  the  mixture  was 
filtered,  and  the  solid  was  washed  with  acetone  and  absolute  ethanol.  Removal 
of  solvent  from  the  combined  filtrate  and  washings  under  reduced  pressure 
left  a  moist  yellow  solid.  This  was  cooled  in  ice,  taken  up  in  20  ml  of  ice- 
cold  4N  HC1,  and  extracted  with  six  10-ml  portions  of  ether.  The  combined 
ether  solutions  were  washed  with  three  10-ml  portions  of  water,  and  finally 
with  10  ml  of  saturated  aqueous  NaHCQ^.  Drying  (MgSO^),  filtration,  and  re¬ 
moval  of  solvent  afforded  0.30g  of  a  clear  orange  liquid  with  a  sulfurous 
odor.  The  NMR  spectrum  indicated  an  approximately  3:1  molar  ratio  of  the 
dithioester  and  thiomorpholide,  although  no  attempt  was  made  at  purification. 
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